Papillomavirus E2 protein induces expression of the matrix metalloproteinase-9 via the extracellular signal-regulated kinase/activator protein-1 signaling pathway.
Papillomaviruses are involved in the development of cancers of the female cervix, head and neck, and skin. An excellent model to study papillomavirus-induced tumor induction and progression is the New Zealand White rabbit, where the skin is infected with the cottontail rabbit papillomavirus (CRPV). This leads to the formation of benign tumors that progress into invasive and metastasizing carcinomas without the need for cofactors. We have shown previously that specific mutations in the transactivation domain of the transcription/replication factor E2 cause a dramatic loss in the tumor induction efficiency of the viral genome and a major deficiency in tumor progression as we show now. By comparing wild-type (WT) and mutant E2-induced skin tumors, we found high levels of matrix metalloproteinase-9 (MMP-9) protein and transcripts in WT CRPV-E2-induced tumors in contrast to certain mutant CRPV-E2-induced papillomas and normal uninfected skin. Stable cell lines and reporter assays revealed that E2 from different papillomavirus types is able to transactivate the MMP-9 promoter via the promoter-proximal activator protein-1 (AP-1) site as shown in reporter gene assays with mutant MMP-9 promoter constructs. Furthermore, WT E2 but not mutant E2 strongly transactivated a minimal promoter reporter construct with multiple AP-1 sites. The MMP-9 protein induced in cells expressing E2 degrades collagen matrices as measured in Matrigel-based invasion/mobility assays. E2-induced MMP-9 expression can be blocked by a chemical inhibitor of mitogen-activated protein kinase (MAPK)/extracellular signal-regulated kinase (ERK) kinase 1 (PD 098059), suggesting that E2 activates the MAPK/ERK signaling pathway, which is further supported by the induction of ERK1 in CRPV-E2-transfected cells.